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(57) Abstract 



The present invention relates to a method for purification of a protein obtained from an aqueous protein solution comprising (a) 
treatment of the protein solution with a soluble Fe and/or Al compound at a pH between 4 and 9; (b) treatment of the protein solution with 
one or more flocculating agent(s); (c) clarification of the protein solution; and (d) membrane concentration of said protein solution. 
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Al/Fe-Treatment of a Protein Solution, Followed by Membrane 
Concentration 

TECHNICAL FIELD 

5 

The present invention relates to a simple and 
effective method for purification of a protein, in particular 
an enzyme, obtained from a protein solution, e.g., a fermenta- 
tion broth. 

10 

BACKGROUND ART 

Use of Al-compounds for precipitation of impurities 
from fermentation broths prior to evaporation and amorphous 

15 salt precipitation is known (for reference see WO 94/01537 and 
US Patent 3,795,586). However, vacuum evaporation is from an 
energy consumption view expensive. Further, only a small 
concentration factor is possible in the evaporation process 
due to a high salt and a low molecular weight component level 

20 in a fermented solution. An amorphous salt precipitation with, 
e.g., Na 2 S0 4 or (NH 4 ) 2 S0 4 , is highly salt consuming and the 
process is not an efficient unit operation for protein purifi- 
cation. 

Membrane concentration, e.g., UF concentration, is 
25 widely used for protein concentration as the process by 
leaching out salts and small components potentially should 
give a more efficient concentration than what is possible when 
using a vacuum evaporation. However, the membrane filtration 
is often hampered capacity wise, why large seize equipment and 
30 thereby high energy consumption is necessary, and further 
often hampered efficiency wise allowing only for a limited 
concentration factor. It is therefore a desideratum for the 
art to develop procedures to overcome the above mentioned 
problems . 

35 
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SUMMARY OP THE INVENTION 



.r 0th a ;::i si ;r te r en t : ound that a 

» co, POU „ d is part ; cu - • s ~ » a„d,or « 

concentration _ m „ g in : si ^ ica ;;- ^ - — 
comprising M 3qUeoUS P rotein solution 

(b) treatment of the n™*-^ 
«occuUtin g a g enMs,; 5 ti0 " " ith °~ ° r -» 

«U membrane concentration of said protein sollition . 
BRIEF DESCRIPTIOH OP DRKKIHCS 

The present invention is t»M 
» trance to the accom P a„ y i„ g dra^, s^n"".^^ * 
^g. 1 shows an ultrafiltration performance of 

r;:;::/; 1 ::: r.r ai ~ : •• 

25 tation broth,, the test oar/ „ 2 P " 100 kg ferne "- 

). the test performed as described in El!ample j. 

tig- 2 shows an ultr^f i i = • 
Sfflula , ultrafiltration performance of an 

amylase solution at three differ,- , • 

— 2 Per 100 kg ^: t :::;z:rr:::^: {m: ° kg 

kg fermentation broth; *. 4 2 kn ' 1* 9 NaA1 ° 2 per 100 
30 tation broth) the/ ' " 9 NaAl02 per 100 kg fermen- 

broth, the test performed as described in Example 2. 
rj -y- J snows an uit-r^fi if^n^ 
protease soiution with/withont a D >« £ "™"« of , 

treatment ,♦: 0 , kq w , , al " miniU " SUlph " e 

u.7 k g 30* AX,(S0,)3X18H,0 per 1 54 ko 

fermentation broth- n- n <. 9 

35 fermentation broth)- the t f Sllls ° 4, ' xl8, «> Per 1.51 kg 

Exampie 3. Perf ° med " d "" ib ^ - 
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Fig. 4 shows an ultrafiltration performance of a 
protease solution with/without a previous iron sulphate 
treatment □: 0.177 kg 30% Fe 2 (S0 4 ) 3 x7H 2 0 per 1.54 kg 
fermentation broth; 0: 0 kg Fe 2 (S0 4 ) 3 x7H 2 0 per 1.54 kg 
5 fermentation broth) ; the test performed as described in 
Example 4 . 

DETAILED DISCLOSURE OF THE INVENTION 

10 The present invention provides a method for purifica- 

tion of a protein obtained from an aqueous protein solution 
comprising 

(a) treatment of the protein solution with a soluble Fe and/or 
Al compound at a pH between 4 and 9; 
15 (b) treatment of the protein solution with one or more 
flocculating agent (s); 

(c) clarification of the protein solution; and 

(d) membrane concentration of said protein solution. 

20 The method of the invention can be applied to 

purification of a protein obtained from an aqueous protein 
solution, in particular to purification of a protein such as 
an enzyme from a fermentation broth. 

In a preferred embodiment, the method is applied to 

25 purification of proteases, lipases, amylases, cellulases. and 
oxidoreductases . 

Proteases : Suitable proteases include those of animal, 
vegetable or microbial origin. Microbial origin is preferred. 
Chemically or genetically modified mutants are included. The 

30 protease may be a serine protease, preferably an alkaline 
microbial protease or a trypsin-like protease. Examples of 
alkaline proteases are subtilisins, especially those derived 
from Bacillus , e.g., subtilisin Novo, subtilisin Carlsberg, 
subtilisin 309, subtilisin 147 and subtilisin 168 (described 

35 in WO 89/06279) . Examples of trypsin-like proteases are 
trypsin (e.g. of porcine or bovine origin) and the Fusarium 
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protease described in WO 89/06270 

^j:zt^tz::: t a r aMe pt — — 

Prim.se, Dura,™ and r tradenM « Savinase, 

those sold under the , h International, and 

solvay E „ 2ymes tr —- « Optimase by 

included. genetically modified mutants are 

» a mi,oLco; , : ci e in a f d 258 068 and EP 305 2i6 < 

a r^nwvw , • ^Pase, e.g., as described in EP 238 023 

a Candida lipase, such as a C antarrn 

C Antarctica l iDase B . "tarctaca lipase, e.g., the 

P„ w A or B described in EP 214 761 a 

PseudomoMs lipase such as a P .7 ' 3 

alcaldes lipase e a w and P'eudo- 

' g- ' as described in EP ?ifl 9-70 
20 cepacia lipase e n Ep 218 272 ' a P. 

zpase, e.g., as described in EP 331 T7« 

sfisMi "pose, ..... as disclosed B E ; 3 ' 6 ; ' ^ 

iiaoresceas lipase, a Bacillus lipase e a ' 372 '° 34 ' " ^ 
lipase (Dartois et al. ,,„,, „ , ' 9 " ' S '"" :iiiS 

H31, 253-260, a B " Bl ° Che '" 1 " et Biophysica acta 

inciud^rtr^^r 61 o£ ci ° ned upases -» * 

Yamaguchi at al no n f^"" »P« bribed by 
y m et al., (1991), Gene 103, 61-67) r h 0 ^ * • 

Ca " did ™ ^Pase (Schimada, Y. et al nZ\\ ' G * ,t " CUB 
30 106, 383-388) a ^ . ' (1989) ' J - Biochem. , 

deL V Vari ° US ^ i2 ° pUS liP"« such as a * 

delemar lipase (Hass, M.J et al mqqi, n 

- D . , a1 *' > 19 91)/ Gene 109, ll7-n?\ 

a R. niveus lipase (Kugimiya et al mom, »• '' 
Bioche,. 56, 716-719) and I o^ae 'llpl ^ 

35 also bTteLT 8 ;! liP a° lytl t C ^ " 
—a as de^bed i ^3^. cT 
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Especially suitable lipases are such ' as Ml Lipase™, 
Luma fast™ and Lipomax™ (Gist-Brocades) , Lipolase™ and Lipo- 
lase Ultra™ (Novo Nordisk A/S) , and Lipase P "Amano"' (Amano 
Pharmaceutical Co, Ltd.). 
5 Amylases: Suitable amylases (a or ft) include those of 

bacterial or fungal origin. Chemically or genetically mod- 
ified mutants are included. Amylases include, for example, a- 
amylases obtained from a special strain of B. lichenif ormis f 
described in more detail in British Patent Specification No. 
10 1,296,839. Commercially available amylases are Duramyl™, 
Termamyl™, Fungamyl™ and BAN™ (available from Novo Nordisk 
A/S) and Rapidase™ and Maxamyl P™ (available from Gist- 
Brocades) . 

Cellulases : Suitable cellulases include those of 
15 bacterial or fungal origin. Chemically or genetically modi- 
fied mutants are included. Suitable cellulases are disclosed 
in US 4,435,307, which discloses fungal cellulases produced 
from Humicola insolens . Especially suitable cellulases are 
the cellulases having colour care benefits. Examples of such 
20 cellulases are cellulases described in European patent 
application No. 91202879.2, filed November 6, 1991 (Novo 
Nordisk A/S) . 

Commercially available cellulases are Celluzyme™ 
produced by a strain of Humicola insolens, (Novo Nordisk 
25 A/S), and KAC-500(B)™ (Kao Corporation). 

Oxidoreductases : Oxidoreductases are defined and 
described in, e.g.,^ "Enzyme Nomenclature 1992, Academic- press, 
Inc., San Diego". They belong to a class of enzymes that 
catalyses transfer of electrons from one substance to another 
30 (oxidation-reduction) . Oxidoreductases include dehydrogenases, 
reductases, oxidases, transhydrogenases, catalases, 

peroxidases, and oxygenases. 

More specific examples include horseradish peroxidase, 
ligninases and other peroxidases, and oxidases such as 
35 laccases. 

Examples of microorganism genera which may be used 
for production of suitable oxidoreductases are: Trametes, 
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Rhizoctonia, Pseudomonas, Bacillus str 0n + 

Coprinus, Po i yporuSi Candidar 'Z'J^lTaT 3 ' 

»o Phtora , AspergiUuSf ^ Cerco Myco . 

the ^^r^ r; cing r doreductases 

invention. V USed ln elation to this 

The oxidoreductase is nraf 

»•»•«>. a catalase .Bc^ff" ' 3 UCCaSe ,EC 
"1.11.1.7), or an oxidase. •"■ 1 -«>' « Peroxidase ,ec 

: u rr • p r;„;:: as : r is ? ^ • — 

a*o di „e„ t , the peroxid ° se j« c ;;~°iTc In a pce£erred 

cinereus or c. MOTrlim fIO,n C <*>"""- --9., C. 

"pumilus. particularly a p^r da " BiCiJIUS ' e ' 9 " »• 

Patent Appl icatlon J ^t^*" 3CC ° tdi ^ *• 1-ernational 

»"h a recombinant DNA »e=to 1TJ ^ ll — «— 

» an=„di„ 9 said en2yme aa = ° r -rrre. a Dm sentence 

«o»s Permittin, the express^ oTtheZ^ e " C ° din9 ^ 
the entyme in . oulture ^ ^LTJu '^"" 

expression of the entyme and recover" 1 ^ 
culture. covering the enzyme from the 

^~rrrd^rr^/Ir d p ™ sa ia * 
i-er) ar ia ::: r„; no ™ rzr* animai ~ «••■• - 

30 Application 2-76579 disclo. »i<=t°°t<,anisms . JP Patent 

catalase is obtained f™ .» • invention the 

as described in «0 92/17 T 71 ° £ »»d «„micola 

35 The method of th* 

untreated fermentation broth o7 to " f"* "* ^ " " 
"as first been sheeted to e o a on 7" ^ 

to- e.g., a P H adjustment, a tempera- 
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ture adjustment , a water dilution and/or one or more 
« solid/liquid separatory techniques such as f locculation, 

centrifugation, filtration or micro filtration. 

According to the invention it has been found that an 
5 addition of a soluble Fe and/or Al compound to a protein 
solution results in a liquid which is surprisingly well fitted 
for membrane concentration as the flux as well as the purity 
of the protein is increased. 

Addition of a soluble Fe and/or Al compound to a 
10 fermentation broth will give an insoluble precipitate mainly 
consisting of Al and/or Fe hydroxide and impurities such as 
carbohydrates if the pH of the fermentation broth is between 4 
and 9. It is important that the pH of the fermentation broth 
is kept between pH 4 and pH 9. Normally the precipitation 
15 process proceeds in the most efficient manner at lower pH- 
values. However, many proteins such as most enzymes exhibit 
low stability at low pH-values. Thus, a compromise pH- value 
with a reasonably efficient process and a reasonably good 
protein stability has to be chosen. 
20 It is to be understood that the addition of a soluble 

Al/Fe compound to the fermentation broth with subsequent 
precipitation of the hydroxide will change the pH, but pH 
should be readjusted to pH 4 - 9 all through the precipitation 
phase and a sufficient time after until the pH of the solution 
25 is stabilized within the pH range 4-9. 

It may, in some cases, be an advantage to use a 
mixture of acidic and alkaline Al/Fe-compounds in order to 
minimize the amount of acid/base needed for the pH adjustment, 
preferably a pH adjustment is not necessary at all. An example 
30 of such a combination of an acidic salt and an alkaline salt 
f . is sodium aluminate and aluminium sulphate. 

If a pH adjustment is necessary any acid or base may 
be used, but formic acid or acetic acid are preferred as 
acids . 

35 The minimum amount of an Al/Fe compound which will 

precipitate no more than a negligible amount of impurities is 
dependent upon the kind and concentration of the impurities 
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^nr^jir^tr s r e Fe - si 
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found that an , SOive nt such as an alcohol. We have 

»- or^Tiornrinri;::;:" 10 " is fa — * — * 

ere sal ""as "-ulatin, a 9ent5 

-iphates or chlorides ^1 ^ " P " tiCUl " ^'t^ 
«/« organic ^•^^V^.""' ~ 
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Before a membrane concentration of tH* 
solution, e o rho f on ot the protein 

-/Fe ^.rrrri c r take pu ~ »• 

30 clarification processes „ hich ~ ^ ~ ~ 
centrifugation, a filtrati™ typically be a 

combination thereof. The WFe ore .J" 1 " 0 """"™ « « 
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filtration as described in Exa „ ples : and by 2 £Ut " 

be termed " lnVenti ° n menb "" e "ration 
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done using ultrafiltration techniques such as hollow fiber, 
spiral rounds or plate and frame units. The membranes may be 
made of a variety of materials such as polysulfone membranes. 
The preferred cut off value will depend on the properties of 
5 the protein in question but usually a cut off value in the 
interval of from 1 to 100 kD is preferred. 

The protein concentrate achieved according to the 
invention may be further purified in a variety of ways such as 
by using chromatographic methods, adsorption and/or crystalli- 
10 zation processes. 

The invention is further illustrated in the following 
examples which are not intended to be in any way limiting to 
the scope of the invention as claimed. 

15 EXAMPLE 1 

The following example shows the unique correlation 
between the use of aluminate and the improvement of capacity 
(flux) in the following ultrafiltration on polysulfone mem- 
brane when purificating a protease from a fermentation broth. 

20 A fermentation broth containing protease (Savinase™) 

from Bacillus lentus , obtained as described in US Patent No. 
3,723,250, was subjected to the method of the invention. 

Three tests were performed with three different levels 
of aluminate in the following way: 

25 After fermentation water and calcium chloride was 

added to the protease containing broth in the amounts given in 
Table 1. Then sodium aluminate (dosed as a 20% w/v solution) 
was added (0.8 kg per 100 kg broth in test A; 1.6 kg per 100 
kg broth in test B and 2.4 kg per 100 kg broth in test C) 

30 while at the same time pH of the solution was kept at pH 8 by 
adding formic acid. Lastly the flocculating agents (Superfloc 
C 521 and Superfloc A 130) were added in the amounts given in 
Table 1: 



35 
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Table 1 




I 0.1% Superfloc A 130 



filtered ^ " £ ^^n broth was drum- 

fUtered and further filtered on a fil ter press . Finally ^ 

o ut n was ultrafiltered at 7 _ i50c on a i8 m2 ^ y 

and frame system with GR 61 PP membranes. The membranes were 
made from polysulfone with a cut off valu, nf 
10 D . Ue of approx. 20,000 

The ei "*~ concentration of the drum filtrate in test 
and c "as at the same level. 

The flux characteristics of the three tests are shown 
m Figure 1 (-: 0.8 kg NaAl0 2 per 100 v n f 
15 (test A» • *. i c , 9 fermen tation broth 

B * i'/v 9 NaM02 P " 100 k9 'station broth (test 

B>, *: 2.4 kg NaA10 2 per 100 kg fermentation broth (test C ) 
Concentration factor (CP.) was calculated as Vini£ . ^ C > > ' 
Relevant flux data are shown in Table 2 



20 Table 2 




Relevant purity 



data on the 



concentrated 



products (A, 
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B and C) are shown in Table 3. 
Table 3 



ll 

Data 


Test A 


Test B 


Test C 


Activity/g dry matter (RI) 
(non permeable dry matter) 


100% 


114% 


131% 


OD 440 nm per activity unit 


100% 


67% 


52% 



5 



The purity data shown in Table 3 clearly indicate that 
a higher dose of aluminate gives a higher purity of the enzyme 
per g dry matter and lower concentration of coloured species 
per activity unit, 

10 

EXAMPLE 2 

The following example shows the unique correlation 
between the use of aluminate and the improvement of capacity 
15 (flux) in the following ultrafiltration on hollow fiber module 
when purifying an amylase from a fermentation broth. 

A fermentation broth containing a Bacillus licheni- 
formis amylase (Termamyl™) was subjected to the method of 
the invention. 

20 Three tests were performed with different levels of 

aluminate in the following way: 

After fermentation water and calcium chloride were 
added to the amylase containing broth in the amounts given in 
Table 4. Then sodium aluminate (dosed as a 20% w/v solution) 

25 was added (0 kg per 100 kg broth in test A; 1 kg per 100 kg 
broth in test B and 4.2 kg per 100 kg broth in test C) while 
at the same time pH of the solution was kept at pH 8 by adding 
formic acid. Lastly the flocculating agents (Superfloc C 521 
and Superfloc A 130) were added in the amounts given in Table 

30 4: 
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filtered o na mter r Utrati0n >™™ ™ 

hollow fi bre module (PM5 , , J .°" 3 R ~»»/te<* 2-3 m> 

Of 5000 0. The moduli ^ " ith 3 CUt ° £f ™»» 

^. xne module was operated at * tmd 

1-2 Bar and a cross flow veLitv of ° £ aPPC °*- 

hours o, operation the ultr t aPPr0,< - 1 ""■ *"« 10 

15 t i-i • ultrafiltration was stopped. 

4.2 kg »aA10 2 per 100 kg fermentation hroth (test c , 
In Table 5, the flu* results are su^arized 

Table 5 



Average Flux, L/m 2 /h 
(C.F. : 1-1.8) 



Flux increase: 



Test A 



8.4 



Test B 



9.2 



Test C 



10.8 
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Relevant purity data on the concentrated products are 
shown in Table 6. 

Table 6 



5 



Data 


Test A 


Test B 


Test C 


Activity/g dry matter (RI) 
(non permeable dry matter) 


100% 


104% 


116% 


OD4401UH per activity unit 


100% 


. 73% 


27% 


g Carbohydrate per activity unit 


100% 


100% 


70% 



The purity data shown in Table 6 clearly indicate that 
a higher dose of aluminate gives lower carbohydrate levels and 
a low concentration of coloured species. 

10 

EXAMPLE 3 



The following example shows the unique correlation 
between the use of aluminium sulphate (natural alunogenite) 
15 and the improvement of capacity (flux) in the following 
ultrafiltration on polysulphone membrane when purificating a 
protease from a fermentation broth. 

A fermentation broth containing protease (Savinase™) 
from Bacillus lentus , obtained as described in US Patent No. 
20 3,723,250 was subjected to the method of the invention. 

Two tests were performed. The first test (Test A) 
without aluminium sulphate and the second test (Test B) with 
14% w/w Al 2 (S0 4 )3Xl8H 2 0. Both at pH=8.0. 

After fermentation water and calcium chloride were 
25 added to the protease containing broth in the amounts given 
in Table 7. Then aluminium sulphate (dosed as a 30% w/w 
solution) was added (Test B) while at the same time pH of the 
solution was kept at pH=8 by adding sodium hydroxide. Lastly 
the flocculating agents (Superfloc C521 and Superfloc A130) 
30 were added in the amounts given in Table 7 . 
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Table 7 



| Chemicals 


Test A 


I Test B 


Broth 


1.54 kg 


_ 

1.54 kg 


I Water ~~ " 


3.0 kg 


1.85 kg 


I CaCl 2 x2H 2 0 "~~ 


0.078 kg ~~ 


0.078 kg 


J 30 % A1 2 (S0 4 )3X18H 2 0 


o ~kg" 


1 0.70 kg 


Sodium hydroxide 


0.014 kg 


0.559 kg I 


20 % Superfloc C521 


0.028 kg 


0.028 kg ~| 


0.1% Superfloc A130 


0.42 kg 


0.42 k^ 1 



10 membranes at 3.0 Bar The „ h " US PM1 ° 

j.u bar. The membranes were madP nf ™i , ^ 

"ith a cut off value of appro;! . 10 . 000 ^; ide 01 ^y-lP*-» 
The enzyme concentration of th« f 4 u *. 

tests were of the same lever. " the '"° 

The flux characteristics nf fh. *. 

« «9Ure 3. Concentration factor c ,T "™ ^ ln 

V inlf . ,/v u "ctor (C.F.) was calculated as 
v initiai/V concenttate , where V is Volume y^ih 

"WWW.100. „here » P0 iTthe am «t- as 

"nits. Relevant flux data are" h ° V ° Pl ° tM " 

uux aata a " shown in Table 8 

The protease units were determined as described below: 
Proteolytic Activity 

as suh T s h ;ra P tr e ° lytiC * ^ 

One Casein Protease Unit (NPm -.' « 
- - — liberate i m o£ ^ ^ ^ ^ 
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by comparison with a serine standard) per minute under 

standard conditions, i.e. incubation for 30 minutes at 25°C 
and pH 9.5. 

5 Table 8 



Data 


Test A 


Test B 


Average flux, 
L/m 2 /h 

(C.F.: 1-3) 


11.7 


15.5 


Flux increase {%) 


0 % 


33 % 


Yield (%) 


100 % 


98 % 



Relevant purity data on the concentrated products (A and B) 
10 are shown in Table 9. 



Table 9 



Data 


Test A 


Test B 


Activity per g dry 
matter (RI) 


100 % 


110 % 


OD 440 mn per activity 
unit 


100% 


34% 



15 The purity data shown in Table 9 clearly indicate that a 
higher dose of aluminum sulphate gives a higher purity of the 
enzyme per g dry matter and lower concentration of coloured 
species per activity unit. 



20 EXAMPLE 4 



The following example shows the unique correlation 
between the use of iron sulphate and the improvement of 
capacity (flux) in the following ultrafiltration on 
25 polysulphone membrane when purifying a protease from a 
fermentation broth. 
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from n f i e i rmentati ° n broth containing protease (Savinase™) 

723 250 ~ ' ° btained 33 dSSCribed ln US P — t No! 

3,723,250 was subjected to the method of the invention. 

Two tests were performed. The first test (Test A, 
5 without xron sulphate and the second test (Test B, with 3 45 
w/w Fe 2 (SO«) 3 x7H 2 0. Both at pH=8.0. 

added T^H fementati ° n Water calcium chloride were 

in T hi ,n Pr0t6aSe C ° ntaini ^ in the amounts given 

xn Table 10. Then iron sulphate (dosed as a 30% w/w solu!Jn> 
10 was added (Test- n» ^ solution) 

was kJ t at hp k Same timS PH ° f the Soluti °n 

flL cu • P 8 ^ S ° dium hydroxide. Last the 

add d agSntS (SUP6rflOC C521 and ^"oc A130, were 

added in the amounts given in Table 10. 

15 Table 10 



Chemicals 


Test A 


Test B 


Broth 


1.54 kg 


1.54 kg 


Water 


3.11 kg 


2.77 kg 


CaCl 2 x2H 2 0 


0.078 kg 


0.078 kg 


|30 % Fe 2 (S0 4 ) 3 x7H 2 0 


0 kg 


0.177 kg I 


| Sodium hydroxide 


0.02 kg 


0.21 kg J 


I 20 % Superfloc C521 


0.028 kg 


0.028 kg 


I 0.1% Superfloc A130 


0.42 kg" 


0.42 kg" 



20 f lit T the S ° treated fermentation broth was 

20 filtered on a pressure nutsch. Finally the solutions from 
Test A and Test B were ultrafiltered at 10°C and 3 bar(o) on 
27 cm Amicon cells with PM10 membranes. The membranes were 
made of polysulphone with a cut off value of appr. 10.000 D 
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The enzyme concentration of the filtrates in the two 
tests were of the same level. 

The flux characteristics of the two tests are shown in 
Figure 4. Concentration factor (C.F.) was calculated as 
5 V initial /Vconceni:ratef where V is Volume. Yield was calculated as 
NPUfinai/NPU initial *100, where NPU is the amount of Novo Protease 
Units. Relevant flux data are shown in Table 11. 

Table 11 



10 



Data 


Test A 


Test B 


Average flux, 
L/m 2 /h 

(C.F. : 1-3) 


13.3 


16.5 


C.F. 


3.11 


3.61 


Flux increase (%) 


0 % 


24 %. 


Yield (%) 


96 % 


97 % 



Relevant purity data on the concentrated products (A and B) 
are shown in Table 12. 



15 Table 12 



Data 


Test A 


Test B 


Activity per g dry 
matter (RI) 


100 % 


104 % 


OD 440 nm per activity 
unit 


100 % 


47 % 



The purity data shown in Table 12 clearly indicate that a 
higher dose of iron sulphate gives a higher purity of the 
20 product per g dry matter and lower concentration of coloured 
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species per activity unit. 
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CLAIMS 

1. A method for purification of a protein obtained from an 
aqueous protein solution comprising 

5 (a) treatment of the protein solution with a soluble Fe and/or 
Al compound at a pH between 4 and 9; 

(b) treatment of the protein solution with one or more 
flocculating agent (s); 

(c) clarification of the protein solution; and 

10 (d) membrane concentration of said protein solution. 

2. A method according to claim 1, wherein the protein solution 
is a fermentation broth. 

15 3. A method according to claim 1, wherein the Al compound is 
selected from the group consisting of A1 2 (S0 4 ) 3 , NaAl0 2 , 
K 2 A1 2 0<. A1C1 3 , A1(N0 3 ) 3 , Al-acetate, Al-formate and any 
mixtures hereof. 

20 4. A method according to claim 1, wherein the Fe compound is 
selected from the group consisting of Fe 2 (S0 4 ) 3 , Fe(III)- 
formate, Fe (III) -acetate, Fe (II) -formate, Fe (II) -acetate and 
any mixtures hereof. 

25 5. A method according to any preceding claim, wherein the Al 
and/or Fe compound is added at a concentration of 0.02-1.2 
moles per liter of protein solution, preferably at a 
concentration of 0.04-1.0 moles per liter of protein solution. 

30 6. A method according to any of claims 1-5, wherein the 
flocculating agents are selected from the group consisting of 
salts and polymers. 

7. A method according to claim 1, wherein the clarification is 
35 performed by centrif ugation, filtration, microf iltration or a 
combination thereof. 
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concentration is ultrafiltration. 
S e 9 n 2 ;; eth ° d aCC ° rding t0 Claim l ' Wh - ein ^ P-tein is an 



10. A method according claim 9, whe rein the enzyme is an 
oxidoreductase, a protease a n« 

amylase. P"*««e, a i apase , a cellulase Qr an 
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Fig. 1 
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